Chemokine regulation of the inflammatory response to a low-dose influenza infection in CCR2-/- mice.
Influenza virus infections induce chemokines and cytokines, which regulate the immune response. The chemokine receptor CCR2 plays an important role in macrophage recruitment and in the development of T1 immunity. In the present study, we addressed the role of CCR2 in influenza A virus infection. CCR2 knockout (-/-) mice are protected against influenza A virus infection, despite delayed recruitment of macrophages. We show that low-dose influenza infection of CCR2-/- mice leads to increased neutrophilia between Days 5 and 10 after infection and decreased monocyte/macrophage and CD4(+) T cell recruitment to the lungs between Days 5 and 7 after infection. These changes in leukocyte recruitment did not result from or cause increased viral titers or delayed viral clearance. Neutrophilia in the lungs correlated with increased keratinocyte-derived chemokine (KC) and/or MIP-2 expression in CCR2-/- mice between Days 5 to 10 after infection, although the kinetics of neutrophil recruitment was not altered. MIP-2 mRNA and protein expression was increased three- to fivefold, and KC protein levels were increased two- to threefold in CCR2-/- compared with CCR2 wild-type mice at Day 5 after infection. This preceded the peak neutrophil influx, which occurred 7 days after infection. In vitro studies confirmed that MIP-2 and KC accounted for neutrophil chemotactic activity in the bronchoalveolar lavage. CCR2 deficiency also resulted in increased MIP-1alpha, MIP-1beta, MCP-1, and IFN-inducible protein 10 and decreased RANTES mRNA expression. Furthermore, IL-6 and TNF-alpha cytokine production were elevated after infection. These studies suggest that CCR2 plays a multifactorial role in the development of the immune response to influenza.